Fadip is a Publish/Subscribe system for Mobile Ad hoc Networks which uses probabilistic routing of messages to deal with the volatile nature of the network. It uses controlled propagation of publications and subscriptions, with the fading gossip technique to reduce the number of broadcasts. We present a probabilistic logic program in ProbLog that models Fadip. This allows us to calculate the probabilities that messages are successfully received by subscribers and to analyse the performance of the Fadip system.
Introduction
We use ProbLog [1], a probabilistic extension of Prolog, to analyse Fadip [2], a Publish/Subscribe protocol for Mobile Ad hoc Networks (MANETs). Publish/Subscribe systems for MANETs are used commonly in disaster recovery, smart city and vehicular networks. We model a MANET as a probabilistic graph representing connections between nodes by ProbLog's probabilistic facts. The Fadip protocol can be seen as a special kind of path finding in such a probabilistic graph. As there can be multiple non-mutually exclusive paths between two nodes, ProbLog is an appropriate probabilistic system to model this application.
Our main contribution is to show how a simple ProbLog program can encode this Fadip application for the case of one publisher and one subscriber, and how simple ProbLog queries can then compute the probabilities of message delivery for different parameter settings. Before, simulations were needed to estimate delivery ratios, while now they are inferred analytically.
We analytically investigate the delivery probability among random node pairs and show the effects of the fading gossip technique. We also evaluate different parameter settings and conclude on what their impact is.
Problem Statement
Publish/Subscribe systems have been intensively studied for wired networks and infrastructured mobile networks [3] . When used in MANETs they suffer from R. Rocha and J. Launchbury (Eds.): PADL 2011, LNCS 6539, pp. 34-37, 2011. c Springer-Verlag Berlin Heidelberg 2011 scalability issues. Fadip [2] is a Publish/Subscribe system for MANETs and is designed to be lightweight in terms of the network topology (i.e. fixing routing information and maintaining logical structures of nodes) and the number of messages exchanged for communication. To achieve a reasonable delivery ratio, Fadip uses a hybrid model which propagates subscriptions and publications as bounded as possible and makes matching in intermediary nodes which act as undedicated rendezvous points. In Fadip, the routing is done probabilistically and neither the publishers nor the subscribers have any information about where their publication or subscription might be matched.
ProbLog
ProbLog [1] is a probabilistic framework that extends Prolog with probabilistic facts. A ProbLog program specifies a probability distribution over all possible non-probabilistic subprograms of the ProbLog program. The success probability of a query is defined as the probability that it succeeds in these subprograms.
ProbLog has been motivated by the real-life application of mining large biological networks where edges are labelled with probabilities. An edge represents a probabilistic link between the concepts represented by its nodes. The probabilistic links are mutually independent. ProbLog typically computes the probability of the existence of a path between two nodes [4] . The contribution of common parts in different paths between two nodes to the final probability is dealt according to the inclusion-exclusion principle from set theory.
Fadip Model in ProbLog
We model the MANET as a probabilistic graph. The graph nodes are the nodes of the mobile network. The graph edges model the connectivity between nodes. In a MANET this connectivity is not permanent. To model this, we attach to the edges probabilities which express the fraction of the time the connections are present. These probabilistic edges are represented by probabilistic facts.
We extend the path program to model the Publisher/Subscriber propagation of Fadip as a bounded bidirectional search of a path among two nodes. The parameters M axHop p and M axHop s are used as bounds when propagating the message of the Publisher and the subscription of the Subscriber, respectively. We used tabling as in [5] to avoid re-computations and to handle loops.
To integrate the fading gossip, we also need to express the fact that sending a message has a probability which decreases with the distance from its source [2]. We model this by flexible probabilistic facts, whose probability is determined at runtime. The delivery of a message between two nodes depends on the connection being present and the distance from the Publisher.
The model results in a relatively simple ProbLog program that allow us to query for the probability of a message delivery from a Publisher to a Subscriber 1 .
